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Of the 89 alien species recorded from South African 
marine waters (Robinson et al. 2016), three have become 
widespread along the open coast: the Mediterranean 
mussel Mytilus galloprovincialis, from the Mediterranean 
Sea and eastern Atlantic; the Pacific barnacle Balanus 
glandula from the American west coast; and the bisexual 
mussel Semimytilus algosus from Chile (Branch and 
Steffani 2004; Laird and Griffiths 2008; de Greef et al. 2013; 
Assis et al. 2015; Robinson et al. 2015). In 1980, prior to 
any marine invasions, a study of intertidal rocky-shore 
community composition was undertaken on Marcus Island, 
Saldanha Bay, to assess prey availability for the endemic 
African black oystercatcher Haematopus moquini (Robinson 
et al. 2007). These data were later used as a historical 
baseline against which to consider changes in community 
composition associated with the introduction of M. gallopro-
vincialis (Robinson et al. 2007) and the later arrival of B. 
glandula and S. algosus (Sadchatheeswaran et al. 2015). 
Adult M. galloprovincialis are recognised as an example 
of ‘ecosystem engineers’: species that can transform 
environments and modulate resource availability to an 
ecosystem, particularly the benthic communities (sensu 
Jones et al. 1994; McQuaid and Arenas 2009).
Because of limitations inherent in the historical data, there 
were restrictions on the analyses presented by Robinson et 
al. (2007) and Sadchatheeswaran et al. (2015). The most 
notable limitation was that the studies were all snapshots in 
time, set 10 to 20 years apart, and thus failed to consider 
either interannual or seasonal changes. Therefore, changes 
in community composition ascribed to the arrival of these 
alien invasive species could not be distinguished from natural 
shifts that might have arisen seasonally or from year to year, 
such as those recorded by Dye (1998). An assessment of the 
magnitude of seasonal and interannual changes at Marcus 
Island was thus required. The second challenge associated 
with the historical data was that the datasets considered only 
invertebrates, because the original 1980 survey was focused 
on the availability of prey for H. moquini (Robinson et al. 
2007). Furthermore, the exclusion of algae is problematic, 
as multiple studies have demonstrated a variety of roles for 
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algae in rocky-shore ecosystems, including their impact as 
important primary producers (Valdivia et al. 2011), their role 
as fouling species on mussel beds (O’Connor et al. 2006; 
Wangkulangkul et al. 2016), the strong zonation patterns 
they create (Boaventura et al. 2002; Raffo et al. 2014) and 
the cover they provide for other species (Thompson et al. 
1996; Kelaher 2003; Ortiz et al. 2013; Teagle et al. 2017). 
Moreover, Marcus Island has dense growths of intertidal 
seaweeds, some of which are so abundant that they typify 
particular zones (Robinson et al. 2007). 
In response to these shortcomings and with the aim of 
addressing the context of the impacts of alien species on 
the island, a biomonitoring programme was established 
to examine seasonal and interannual changes over 
three years and to expand the data to include seaweeds. 
The programme was based on a standardised protocol 
that focused on species of dominant invertebrates and 
seaweeds that could be sampled visually and non-destruc-
tively, and was repeated every three months (i.e. once per 
season) for three years (2014–2016) to capture seasonal 
variability. Specifically, we tested four hypotheses: (i) 
year-to-year changes in community composition would be 
small relative to changes attributable to the arrival of alien 
species; (ii) seasonal differences would exist in community 
composition and species diversity but, similarly, would be 
of lesser magnitude than those associated with the arrival 
of alien species; (iii) community composition and diversity 
within shore zones would change least in the uppermost 
zone (i.e. the only zone that was never invaded by alien 
species); and (iv) the size composition and abundance of 
M. galloprovincialis, the dominant ecosystem engineer on 
the shore, would reflect differences in recruitment from year 
to year, modulating its influence on the shore community. 
Materials and methods
Overview of the biomonitoring programme
Marcus Island lies in Saldanha Bay, on the west coast 
of South Africa. The study site on the southward-facing 
shore of the island (33°02.590′ S, 17°58.260′ E) covered 
25 m from the top to the bottom of the shore zone, with a 
maximum vertical extent of 2.54 m. The site experiences 
wave forces averaging 11.3 × 103 N m–2 (GMB unpublished 
data), and is therefore considered moderately exposed 
(Steffani and Branch 2003). 
Two approaches were adopted in the biomoni-
toring programme. The first utilised available historical 
data from 1980, 2001 and 2012 (Robinson et al. 2007; 
Sadchatheeswaran et al. 2015), augmented by new data 
collected from 2014 to 2016. This allowed us to assess the 
interannual changes over the full time-period. The compari-
sons were restricted to invertebrate species, summer data 
only, and species that could be readily quantified in the 
field, thus ensuring comparability of data across the entire 
time-series and minimising destructive sampling since 
the site falls within a marine protected area. The second 
approach employed data obtained during the more recent 
monitoring programme (2014–2016) to examine season-
ality in shore communities and the size and abundance 
of Mytilus galloprovincialis in particular. These compari-
sons of community composition were based on a dataset 
incorporating both invertebrates and seaweeds, again 
restricted to species that could be quantified in situ.
Zonation on Marcus Island
Historically, Marcus Island’s intertidal zones were identi-
fied by the presence of dominant species, but as species 
composition changed through time, a simple numerical 
system was adopted (Zones 1–6, from the top to the bottom 
of the shore). Two important changes within the zonation 
of this site took place through time. First, the native black 
mussel Choromytilus meridionalis, which initially dominated 
Zone 6 (at the bottom of the shore), disappeared altogether 
and was replaced by a mixed algal community. Secondly, 
Zone 3 (mid-shore) was later subdivided into Zone 3a, 
which was dominated by the alien Pacific barnacle Balanus 
glandula, and Zone 3b, where the native granular limpet 
Scutellastra granularis prevailed. Table S1 presents details 
of the shore zones and terminology.
Three-year biomonitoring programme
Quarterly monitoring of shore zones was undertaken from 
October 2013 to May 2016, in the ‘years’ referred to here as 
2014 (October 2013 to July 2014), 2015 (October 2014 to 
August 2015) and 2016 (November 2015 to May 2016). On 
each sampling trip, data were collected on the macrofaunal 
and algal communities, and the lengths and densities of 
M. galloprovincialis. 
Community composition and diversity
To assess how community composition changed among 
years in 1980, 2001, 2012 and 2014–2016, compari-
sons were confined to invertebrate species collected 
in the summer of each year. Of these, 44 species were 
sufficiently large-sized to be identified in situ on the rocky 
shore, and were thus included in the present dataset 
(Supplementary Table S2). To determine whether 
community composition differed among seasons in 
2014–2016, data on the same 44 invertebrate species 
plus 18 seaweed species (Supplementary Table S3) were 
collected non-destructively. Data on abundance from 
1980 to 2012 were extracted from Robinson et al. (2007) 
and Sadchatheeswaran et al. (2015). In 2014–2016, 
using the same protocol as in the previous studies, seven 
0.5 × 1 m quadrats were placed randomly in each zone 
and the abundance of mobile species and the percentage 
cover of sessile species were quantified. On the shore, it 
was difficult to differentiate the species of small individ-
uals of mussels, so percentage cover of all mussels 
combined was recorded for each sample. To estimate 
the percentage cover of each mussel species, smaller 
destructive samples of 10 × 10 cm (described below in the 
assessment of M. galloprovincialis) were collected in each 
shore zone on each field trip, and the proportions of each 
species determined in the laboratory. 
To convert the number of individuals recorded for mobile 
species and the percentage cover of sessile species into 
a common measure of abundance, biomass conversions 
were obtained by weighing at least 10 individuals of each 
mobile species, or by assessing 10 × 10 cm quadrats with 
100% cover of colonial and sessile species (Tables S2 and 
S3). These mass measurements were used to transform all 
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the data from densities or percentage cover into whole wet 
biomass (g m–2). 
Multivariate analyses were conducted in PRIMER 
10 (Plymouth Marine Laboratory) using biomass. All 
analyses were performed using non-standardised, fourth-
root transformed data. PERMANOVA was also used to 
determine if ‘year’ (random factor) or ‘zone’ (fixed factor) 
contributed to differences among invertebrate communi-
ties in summer (i.e. 1980 to 2016). Due to the complexity 
of the data, multidimensional scaling (MDS) and hierar-
chical cluster analysis were used to visualise differences 
among communities recorded only in different years. Data 
in the cluster analysis were presented as seven replicate 
transects per year, and in the MDS all samples were 
presented per year. SIMPER was used to identify the 
species responsible for any observed changes.
For the analyses specific to the 2014–2016 inverte-
brate and algal communities, PERMANOVA was used to 
determine if ‘year’ (random), ‘season’ (fixed) or ‘zone’ 
(fixed) contributed to differences among communities. As 
with the interannual comparisons, MDS and hierarchical 
cluster analysis were used to generate graphic representa-
tions of the differences among communities recorded in the 
various shore zones and years. Data in the cluster analysis 
were averaged per zone for each of the 11 sampling trips 
spanning four seasons in three years. In the MDS, all 
samples were presented per zone, per year. SIMPER was 
again used to identify the species responsible for any signif-
icant differences.
The Shannon–Wiener diversity index (H’) was calculated 
for (a) all invertebrate communities sampled in the summers 
of 1980 to 2016, and (b) the full algal and invertebrate 
communities sampled seasonally in 2014 to 2016. In two 
instances (Zone 4 in spring 2014, and Zones 3b and 5 in 
summer 2014) data were missing and were interpolated 
from data collected in 2015 and 2016. Prior to statistical 
analysis, normality was assessed with normal probability 
plots. Homogeneity of variance was considered accept-
able if the ratio of the largest and smallest variance was 
≤4 (Quinn and Keough 2002). The diversity index H’ was 
compared among years (six levels: 1980, 2001, 2012, 2014, 
2015 and 2016) and shore zones (seven levels: Zones 
1, 2, 3a, 3b, 4, 5 and 6) in a two-factor generalised linear 
model (GLM) using R. Analyses of variance were carried 
out on the resulting model while applying a quasi-Poisson 
error distribution. For the data collected in 2014–2016, H’ 
was calculated for every sample and was compared among 
years (three levels: 2014, 2015 and 2016), seasons (four 
levels: spring, summer, autumn and winter) and zones 
(seven levels) in a three-factor GLM, with a quasi-Poisson 
error distribution. 
Assessment of Mytilus galloprovincialis 
On all sampling occasions between 2014 and 2016, up to 
six mussel samples per zone were taken using 10 × 10 cm 
quadrats placed in randomly positioned plots with 100% 
mussel cover. The total numbers and individual lengths of 
M. galloprovincialis in all samples, as well as the numbers 
of recent recruits (individuals ≤5 mm), were recorded and 
compared among years (three levels), seasons (four levels) 
and zones (six levels, omitting Zone 1 due to an absence 
of this mussel) in a three-factor GLM. Prior to statistical 
analysis, normality was assessed with normal probability 
plots, and a quasi-Poisson error distribution was used 
to address uneven variance. Size-distributions of the M. 
galloprovincialis lengths in each zone, per year, were 
displayed in histograms (Figure S1). 
Results
Summer invertebrate communities
Based on analyses of the community composition, diversity 
and SIMPER, it was evident that the effects of the invasion 
by the three alien species overrode interannual changes 
in the summer invertebrate communities. Nevertheless, 
there were clear interannual differences in the summer 
community compositions of invertebrates when all shore 
zones were considered together (PERMANOVA, F = 42.40, 
p < 0.005 for all comparisons). The years that were least 
similar (20%) were 1980 and 2014, whereas 2015 and 
2016 were the most similar (80%). Strikingly, the years 
before and after the arrivals of the aliens Mytilus gallopro-
vincialis and Balanus glandula (1980 to 2014) were very 
different from one another (only 20–45% similarity), 
whereas the years in the period after these species 
had become established (2014–2016) were very similar 
(75–80% similarity) (Table 1). A dendrogram (Figure 1a) 
and MDS analysis (Figure 1b) revealed four clusters at 60% 
similarity: 1980, 2001 and 2012 were distinct and formed 
three clusters, whereas samples collected from 2014–2016 
grouped together in a fourth cluster.
Species that cumulatively contributed up to 90% to 
similarities in community compositions in multiple years 
were: M. galloprovincialis, ribbed mussel Aulacomya 
atra, sandy anemone Bunodactis reynaudi, black mussel 
Choromytilus meridionalis, granular limpet Scutellastra 
granularis, bisexual mussel Semimytilus algosus, and, 
to a lesser yet significant degree, B. glandula and the 
whelks Burnupena spp. (Figure 2). Whereas C. meridi-
onalis contributed most to the distinctiveness of the 1980 
community, M. galloprovincialis was the most important 
contributor in the years from 2001 onwards (Figure 2). 
Aulacomya atra was also important in determining similarity 
regardless of the year (Figure 2); B. glandula and S. 
algosus contributed to similarity from 2012, but not to the 
same extent as M. galloprovincialis or A. atra (Figure 2). 
The Shannon-Wiener diversity index for invertebrate 
communities in summer (Figure 3) was significantly affected 
by both year (ANOVA, F1,5 = 12.13, p < 0.0001) and zone 




2014 20 35 37
2015 22 40 43 75
2016 25 43 45 75 80
Table 1: Results of PERMANOVA pair-wise analysis showing 
average similarity (%) between years, based on intertidal species 
biomass, collected during summers, on Marcus Island, South Africa
Sadchatheeswaran, Branch, Moloney and Robinson140
(F1,6 = 76.85, p < 0.0001), but zone had the stronger 
effect, as demonstrated by the larger F-value. A significant 
zone × year interaction existed (F2,22 = 7.81, p < 0.0001) 
because different zones reached peak values in different 
years. In general, diversity was low in the upper part of the 
shore in Zones 1, 2 and 3 (3a), and increased lower on 
the shore, with peaks in diversity in Zones 4 or 5 in most 
years (Figure 3). Diversity in Zone 2 increased substan-
tially in 2001, when M. galloprovincialis was first recorded, 
but declined thereafter, as that mussel receded down the 
Figure 1: Hierarchical cluster analysis of standardised fourth-root species biomass data of invertebrate communities, for summers of 1980, 
2001, 2012 and 2014–2016. Data in each year were averaged across all shore zones and presented as seven replicate transects. (a) 
Dendrogram and (b) multidimensional scaling plot, with circles and ovals indicating 60% similarity among samples
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shore. Diversity peaked in Zones 4, 5 and 6 in 2012, when 
S. algosus was first recorded and most abundant. 
Interannual and seasonal differences 
Seasonal differences in the community composition of 
invertebrates and seaweeds in 2014–2016 were not signifi-
cant (PERMANOVA, F1,3 = 1.12, p = 0.414) and slight when 
compared with the significant interannual (F1,2 = 29.87, p < 
0.001) and zonation-driven (F1,6 = 24.23, p < 0.001) differ-
ences. Notably, there were significant interactions between 
all factors (p < 0.001 in all cases) except season and year 
(F2,5 = 1.04, p = 0.414). This is reflected in the dendrogram 
and MDS plots (Figure 4), indicating a segregation of high 
to mid-shore zones (Figure 4), although Zones 2 and 3a 
exhibited some overlap, whereas the low-shore Zones 4, 5 
and 6 overlapped substantially. Zone 1 stood out as being 
distinctively different, consistently uniting samples across all 
years and seasons, and displaying the least similarity (21%) 
among zones, reflecting the fact that it was the only shore 
zone never occupied by the alien species. 
Figure 2: Mean log-transformed biomass (+SE) of select species that contributed up to 90% cumulative similarity within the summers of 
1980, 2001, 2012 and 2014–2016. The three species that contributed the most to similarity in each year are noted with their contribution (%) 
above their biomass. Data in each year were averaged across the entire intertidal shore from 49 replicates per year
Figure 3: Mean values (+SE) of Shannon–Wiener diversity indices for invertebrates in summer, per shore zone, for each year. Note: Zone 
3b was not separated from Zone 3a before 2014; Zone 1 had negligible diversity in all years due to an absence of invertebrates
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Based on the SIMPER analysis, the invertebrates 
that contributed the most to differences in community 
composition among different years were M. galloprovin-
cialis, A. atra, S. algosus, B. glandula and S. granularis, 
while important seaweeds included upright corallines, 
Gigartina spp., Ulva spp., Porphyra capensis, Champia 
lumbricalis and Plocamium cornutum. The species that 
contributed most to community similarity within years 
were M. galloprovincialis, P. capensis and Ulva spp., 
with seasonal differences in these taxa being minor, 
interannual changes more obvious, and shore zonation 
differences clear.
In Zone 1, based on SIMPER analysis, the only species 
that was important in determining similarity in community 
composition was P. capensis, which characterised that 
zone in all years. Within Zone 2, Ulva spp., M. galloprovin-
cialis and B. glandula contributed the most to similarity. In 
Zone 3a, M. galloprovincialis and B. glandula contributed to 
over 80% of similarity. Zone 3b was characterised mainly 
by M. galloprovincialis and A. atra, whereas S. granularis 
Figure 4: Hierarchical cluster analysis of the invertebrate and seaweed communities in all seasons of years 2014–2016. Data for each shore 
zone for each year were averaged and presented as 11 sampling occasions, covering four seasons across three years. (a) Dendrogram with 
data arranged by zones, and (b) multidimensional scaling (MDS) with data displaying each of the seven zones per year; each data point 
constitutes a particular season. Ovals signify 60% similarity as indicated by the dendrogram. Asterisks [*] identify outliers that failed to cluster 
within the designated clusters in both the dendrogram and MDS plots
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contributed only 5% to the similarity values. In Zones 4, 
5 and 6, the most important species were Gigartina spp., 
M. galloprovincialis and A. atra, but several seaweeds 
also contributed to the similarity values, including upright 
corallines, C. lumbricalis and Plocamium spp.
There were significant effects of all factors on the 
Shannon-Wiener diversity index (year: F1,2 = 23.98, p < 
0.0001; season: F1,3 = 4.71, p = 0.003; zone: F1,6 = 261.43, 
p < 0.0001; p < 0.001 for all interactions), but zonation had 
the strongest effect, as demonstrated by its larger F-value. 
As with the summer invertebrate communities, diversity 
of the invertebrate and seaweed communities showed a 
general pattern of low diversity in Zones 1, 2, 3a and 3b, 
and then an increase in diversity at the bottom of the shore, 
with peaks in Zones 4 or 5 in seven out of 11 sampling trips 
(Figure 5).
Assessment of Mytilus galloprovincialis
Size composition of M. galloprovincialis was bimodal or 
trimodal in most instances. Seasons had less influence 
than zonation on the size structure of the mussels, and less 
influence than years on the recruitment patterns. There was 
a significant effect of all factors on shell length (year: F1,2 
= 6.48, p = 0.002; season: F1,3 = 8.83, p < 0.0001; zone: 
F1,6 = 97.44, p < 0.0001; p < 0.05 for all interactions), but 
zone again had the strongest effect, as demonstrated 
by its substantially larger F-value. The size of mussels 
increased down the shore, with length of mussels peaking 
in Zone 6 on almost all occasions (Figure 6). In most cases, 
large numbers of small mussels dominated Zones 2 to 4, 
whereas Zones 5 and 6 were more likely to have a bimodal 
distribution of small-sized (<30 mm) and large-sized (≥30 mm) 
mussels. In 2014, mean sizes of the mussel were initially 
small, reflecting strong recruitment in that year. Size 
increased over the course of the year as the recruits grew 
(Figure 6). This progressive increase in size contributed 
to the significant effects of season and its interaction with 
other factors. Differences among seasons were small in the 
other two years (2015 and 2016).
In contrast to the average lengths of M. galloprovin-
cialis, the numbers of M. galloprovincialis recruits were 
most strongly influenced by year (ANOVA, F1,2 = 107.52, 
p < 0.0001), although season and zone also had signifi-
cant effects (season: F1,3 = 17.8, p < 0.0001; zone: F1,6 = 
48.8, p < 0.0001). There was a clear recruitment peak in 
2014, when most mussels were in the smallest size classes 
(lengths 0–5 mm) in all zones (Figure 7). In 2015 and 2016, 
mussel lengths increased across most zones, reflecting 
growth from the 2014 recruitment (Figure 6).
Discussion
Unexpected and anthropogenic disturbances, such as the 
arrival of and domination by non-native invasive species, 
can unpredictably change the composition of recipient 
communities, as has been recorded both in intertidal 
systems (Hockey and van Erkom Schurink 1992; Thompson 
et al. 2002; Branch and Steffani 2004; Erlandsson et al. 
2006; Raffo et al. 2014) and subtidal systems (Reise et 
al. 2006; Lages et al. 2011; Strain and Johnson 2012). By 
comparing the invertebrate community composition on 
Marcus Island in summer through time, it was evident that 
annual changes over 2014–2016, after three alien inverte-
brate species had become established, were far smaller 
than those spanning the period before and after the arrival 
of the alien species (i.e. 1980, 2001 and 2012). 
Arrival of the mussel Mytilus galloprovincialis on Marcus 
Island was associated with the disappearance of the native 
mussel Choromytilus meridionalis. Its establishment also 
increased the diversity and abundance of species that 
could take advantage of the complex mussel beds formed 
across most of the shore (Sadchatheeswaran et al. 2015). 
Currently, the distributional range of M. galloprovincialis in 
Africa extends approximately 2 800 km, from Rocky Point in 
Figure 5: Mean seasonal values (+SE) of Shannon–Wiener diversity indices of the 2014–2016 data for invertebrates and seaweeds, per 
zone for each year. Asterisks [*] signify negligible diversity due to the singular presence of the seaweed Porphyra capensis
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Namibia to East London in South Africa (Assis et al. 2015), 
and contributes up to 88% of the intertidal standing stock on 
west-coast rocky shores (Robinson et al. 2005). Therefore, 
the impacts of M. galloprovincialis and subsequent 
invasions by the mussel Semimytilus algosus and the 
barnacle Balanus glandula on Marcus Island are likely to 
reflect their impacts on South African coastlines in general. 
Bustamante et al. (1997) found that biomass and 
species richness on west-coast shorelines of South 
Africa is greatest just below the mid-shore rather than at 
the bottom of the shore, particularly on exposed shores. 
The shore environment at Marcus Island demonstrated 
this typical pattern, with species richness peaking in 
Zones 4 and 5, rather than at the lowest extremity of the 
shore, in Zone 6. Diversity was particularly high in 2012, 
when S. algosus was first recorded in large numbers in 
the three bottom zones. On other shores of South Africa 
S. algosus forms tightly packed, monolayered beds, which 
Figure 6: Mean shell lengths (+SE) of Mytilus galloprovincialis in 2014–2016, expressed for each zone in each season and year. Mussels were 
absent from Zone 1; for other zones, an asterisk [*] signifies missing data due to either an absence of mussels or difficulty in retrieving samples
Figure 7: Mean numbers (+SE) of Mytilus galloprovincialis recruits (per m2) in 2014–2016, per zone, for each season and year (except the 
mussels were absent from Zone 1). Recent recruits were considered as individuals ≤5 mm. An asterisk [*] indicates missing data, whereas ‘0’ 
indicates a recorded absence of recruits
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are a relatively unsuitable habitat for infauna (de Greef et 
al. 2013), whereas in its native Chile, this species forms a 
richly diverse habitat on exposed rocky shores, supporting 
multiple species (Tokeshi 1995; Tokeshi and Romero 
1995). On Marcus Island, S. algosus was found mixed into 
the complex, multi-layered beds made up of the larger-
sized M. galloprovincialis, and would have had only a 
secondary effect on species diversity already influenced by 
M. galloprovincialis. 
The third alien invertebrate, B. glandula, had an even 
smaller effect on the community, but as it colonised Zone 
3 (1980–2012) and Zone 3a (2014–2016) it may have 
temporarily decreased the upper limit of the indigenous 
limpet Scutellastra granularis. Limpets can remove newly 
settled barnacles from substrate by consumption or dislodg-
ment, and this effect is intensified when limpet densities 
are high (Hawkins 1983; Hawkins and Hartnoll 1983; Miller 
and Carefoot 1989). However, recruitment of the alien 
barnacle B. glandula on Marcus Island decreased in the 
years following its invasion, as was also the case in Japan 
(Rashidul Alam et al. 2013). In False Bay, on the southwest 
coast of South Africa, where the density of native barnacles 
can reach high levels, the size, density and gonadal 
output of S. granularis decrease when it is surrounded by 
barnacles, because the limpet’s feeding is inhibited (Branch 
1976). However, unless another settlement ‘boom’ of 
invasive barnacles occurs at Marcus Island, the compara-
tively small impact of B. glandula may further decline, as 
this alien barnacle does not self-fertilise and requires a 
relatively high density or a new settlement of propagules 
from elsewhere to maintain its population size (Kado 2003).
The presence of M. galloprovincialis on west-coast 
shores can artificially increase the relatively low species 
richness that naturally characterises these shores 
(Bustamante and Branch 1996; Robinson et al. 2007; 
Sadchatheeswaran et al. 2015). Similar results have been 
found in other studies in Saldanha Bay (Hockey and van 
Erkom Schurink 1992) and elsewhere in the region (Branch 
et al. 2008, 2010). Surprisingly, when a major recruit-
ment of M. galloprovincialis occurred in 2014 across 
the entire shore of Marcus Island, except Zone 1, there 
was no discernible increase in species diversity, contrary 
to what might have been expected from an increase in 
habitat complexity associated with an increase in mussel 
abundance (Sadchatheeswaran et al. 2015). However, 
although adult M. galloprovincialis, along with other mytilid 
species, are considered ecosystem engineers that elevate 
diversity (Crowe et al. 2011), beds of small, tightly packed 
mussels can be detrimental to some native species, as 
the juvenile mussels form very tight beds with uniformly 
small spaces, which provides little protection from physical 
stresses (Connell 1972; de Greef et al. 2013). At the bottom 
of the shore, lengths of M. galloprovincialis exhibited 
bimodal frequencies, and so would have created variation 
in the size of the intermittent spaces, potentially providing 
protection from predators and physical stress, as well as 
space to alleviate competition (Robinson et al. 2007).
In our study, three of the four proposed hypotheses were 
upheld. The first hypothesis, that year-to-year changes in 
community composition would be small relative to the effects 
of the arrival of the alien invertebrate species, was clearly 
supported. The second hypothesis, that seasonal differences 
would exist in the form of changes in community composi-
tion and species diversity, but would be of lesser magnitude 
than those associated with arrival of the alien species, was 
only partially upheld. Although season and year influenced 
species richness and diversity, seasonal changes were not 
detected in community composition. The third and fourth 
hypotheses, that community composition and diversity within 
shore zones would change least in the uppermost zone, 
and that the size composition and abundance of recruits 
of M. galloprovincialis, the dominant ecosystem engineer 
on the shore, would reflect differences in recruitment from 
year to year, were both supported. The initial arrival and 
the continued dominance of M. galloprovincialis was the 
most important contributor to similarity of the community 
composition within years and zones. Therefore, changes in 
the population dynamics of M. galloprovincialis, particularly 
in year-to-year recruitment and zonation, would also have 
influenced structural complexity. In turn, structural complexity 
has been shown to be positively correlated with abundance 
and species richness of invertebrates (Sadchatheeswaran 
et al. 2015) and, most likely, also with seaweed diversity. 
However, only through monitoring at fine spatial and 
temporal scales can these forms of impact by alien species, 
like M. galloprovincialis, be quantified. This is an important 
step towards a broadly applicable understanding of context-
dependency in marine invasions. 
There are important implications flowing from our study. 
The first is that the impact of the arrival of a dominant 
space-occupying alien species on community composi-
tion induced effects far greater than those associated with 
seasonal and year-to-year changes. The second is that 
the intensity of the effects of alien species can be related 
to the magnitude of their recruitment. Periodic ‘sweepstake’ 
settlements followed by intervening years of low recruit-
ment are likely to be associated with an initial high impact 
on the community, followed by a diminution of the impacts. 
The third implication is that the effects of intertidal alien 
species are moderated by their zonation. At Marcus Island, 
the alien invertebrates failed to occupy the zone highest on 
the shore, which retained a consistent community composi-
tion throughout our study. In the mid to high zones immedi-
ately below that, invasions did take place, but the alien 
species then either receded down the shore over time or 
deceased in abundance. The abundances and effects of the 
aliens were persistent over time only low on the shore—
highlighting the interactive influences of shore zonation and 
variability in species recruitment in regulating the effects of 
intertidal-community invasions.
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